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JOHANSON, C. E. AND M. J. FRANCO. Electric shock delivery system for rhesus monkeys: its effect on escape 
responding. PHARMAC. BIOCHEM. BEHAV. 8(4) 505-508,197a. - The present experiment evaluated a simple chronic 
electric shock delivery system for rhesus monkeys restrained by a harness and arm arrangement used in experiments 
involving intravenous drug delivery. Electric shock was delivered via two small electrodes surgically implanted in the 
lumbar muscle. During experimental sessions, responding on a fixed-ratio 10 schedule terminated the delivery of a train of 
100 electric shock pulses and produced a 3 min timeout. A maximum of 19 trials were possible during each daily session. 
Overall rate of responding increased as electric shock intensity was increased from 0 to 4 mA and the characteristics of 
responding were similar to previous studies using other systems and species. The results demonstrate that electric shock 
delivered by the present system is a negative reinforcer. In addition, the system is easy to implant, causes little tissue 
damage, relatively long-lasting and can be used in experimental situations which involve responding maintained by 
intravenous drug delivery in rhesus monkeys. 

Electric shock Escape Drug self-injection 

THERE have been relatively few studies of  the effects of  
punishment on behavior maintained by intravenous drug 
delivery [4,5]. In part, this deficit has been a function of  
the complexities of adapting an electric shock delivery 
system to those already developed for maintaining animals 
with intravenous catheters. 

In many laboratories studying drug reinforcement, 
rhesus monkeys prepared with chronic venous catheters are 
used. Although electric shock can be successfully delivered 
when monkeys are in a restraining chair, many studies of  
drug-maintained responding with rhesus monkeys use 
alternative arrangements that have advantages in long-term 
studies. One such arrangement, described in detail by 
Schuster and Johanson [7] ,  involves restraint within an 
experimental cubicle by a harness and flexible hollow arm 
through which the catheter runs. The present report 
describes the evaluation of an electric shock delivery system 
designed to be compatible with this method. Before 
attempting to use this shock delivery system to study the 
effects of punishment on drug-maintained responding, its 
efficacy in a procedure not involving drugs was determined. 

METHOD 

Animals 

Two adult rhesus monkeys, one female (3157) and one 
male (4028), weighing between 5 and 6.5 kg were used. 
Both animals had extensive experimental and drug histories 
with responding maintained by intravenous cocaine. The 
animals were surgically prepared with electric shock 
electrodes while under sodium pentobarbital (30 mg/kg, 
IV) or phencyclidine hydrochloride (0 .5 -1 .0  mg/kg, IM) 
anesthesia. The electrodes were two, round gold-plated 
silver disks, 0.6 cm in diameter. A small incision was made 
with a scalpel in the area to the right of  the spinal cord and 
the electrodes were implanted, 2 - 5  cm apart, within the 
lumbar muscle and secured by suture. A 28 gauge stranded 
silver-coated wire that was insulated with teflon was 
soldered to each electrode. The solder joint between the 
electrode and wire was covered with dental acrylic. Both 
wires were threaded subcutaneously from the incision and 
exited through a second incision in the back of  the animal. 
Resistance values were measured daily 5 rain prior to the 
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session wi th  an  o h m  meter .  If the  value was grea te r  t h a n  
50 K a ,  it was a s sumed  tha t  the  e lec t rodes  were n o  longer  
capable,  for  mechan ica l  or chemica l  reasons,  of  del iver ing 
the  specif ied level of  electr ic  shock  cur ren t .  If th is  
occur red ,  a new pair  of  e lec t rodes  was i m p l a n t e d  as before  
in the  left  l u m b a r  muscle  pr ior  to  any  f u r t h e r  e x p e r i m e n t a l  
sessions. 

Animals  had  c o n t i n u o u s  access to  wa te r  and  were given 
2 0 - 3 0  Pur ina  Monkey  Chow biscui ts  and  a sugar cube  
sa tu ra ted  wi th  l iquid v i t amins  daily. 

Apparatus 

Each an imal  was housed  in a w o o d e n ,  f ron t -open ing ,  
s o u n d - a t t e n u a t i n g  c h a m b e r  t ha t  was 68.6 cm wide,  76.2 cm 
high and  83.8 cm deep.  A fan was loca ted  on  the  f ron t  doo r  
for  ven t i l a t ion .  On the  inside of  the  f r o n t  doo r  were two  
me ta l  boxes  ( 1 5 . 2 c m  x 1 2 . 7 c m  x 1 0 . 2 c m ) , 2 0 c m  f rom 
the  f loor  and  10 cm f rom the  center ,  each con ta in ing  a 
response  lever ( B R S / L V E ,  PRL 0 0 1 / 1 2 1 - 0 7 ,  Beltsville, 
MD) and  4 s t imulus  lights,  t w o  covered wi th  red Dialco  lens 
caps and  two  covered  wi th  green  Dialco lens caps. The  
lights were 6.4 cm above  the  lever and  evenly spaced 3.8 cm 
apart .  The  ent i re  ceiling of  each c h a m b e r  was made  of  
Plexiglas and  could  be  t r ans i l l umina t ed  by  e i the r  whi te  or  
red lights. 

Each m o n k e y  wore a stainless steel  harness  t ha t  was 
a t t a ched  to a spring a rm 46 cm in l eng th  and  1.3 cm in 
d i ame te r  (E a n d  H Engineer ing,  Chicago,  IL) which  in t u r n  
was a t t a c h e d  to the  back  wall of  the  cubicle (see [7] for  
detai ls) .  This  a r r a n g e m e n t  a l lowed the  m o n k e y  relat ively 
unres t r i c t ed  m o v e m e n t  and  prov ided  p r o t e c t i o n  for  the  
e lec t rode  wires which  were t h r eaded  t h r o u g h  the  arm.  
Outs ide  the  cubicle ,  t he  e lec t rode  wires were c o n n e c t e d  to 
a c o n s t a n t  cu r ren t  electr ic  shock  gene ra to r  ( B R S / L V E ,  
S G - 9 0 3 ,  Beltsville, MD). Cables c o n n e c t e d  the  cubicles  to  
s o l i d  s ta te  p r o g r a m m i n g  and  record ing  e q u i p m e n t  
( B R S / L V E ,  Beltsville,  MD) located  in an ad jacen t  room.  

Pro cedure 

Each e x p e r i m e n t a l  session lasted 1 hr  and began wi th  a 
3 min  t i m e o u t  (TO) dur ing  which  the  red ceiling l ight  was 
i l l umina ted  and  responses  had  no  p r o g r a m m e d  con-  
sequences .  The  rest  of  the  session cons is ted  of  a series of  
trials. When  a trial  began,  the  whi te  ceiling and  red s t imulus  
l ight over  the  r ight  lever were i l lumina ted .  S imul t aneous ly ,  
electr ic  shock  pulses 300  msec in du ra t i on  were del ivered,  
one  every 585 msec. The electr ic  shocks  c o n t i n u e d  unt i l  
100 pulses had  been  del ivered (58.5 sec) or un t i l  the  an imal  
had made  l 0  responses  on  the  r ight  lever ( F R  10 escape).  
Responses  on  the  left  lever had  no  p r o g r a m m e d  con-  
sequences .  Fo l lowing  e i the r  the  delivery o f  100 electr ic  
shock  pulses or  the  c o m p l e t i o n  of  the  FR 10, there  was a 
3 rain TO dur ing  which  responses  had  no  p r o g r a m m e d  
consequences .  Af te r  the  TO, a new trial  began as before .  
This  sequence  c o n t i n u e d  for  1 hr  dur ing which  a m a x i m u m  
of 19 trials could  be comple t ed .  

The  n u m b e r  of  trials each an imal  escaped by  c o m p l e t i n g  
the  ER 10 r e q u i r e m e n t  as well as the  to ta l  n u m b e r  of  
electr ic  shocks  del ivered were recorded .  The t ime  in 
seconds  f rom the  onse t  of  the  first shock  pulse to  b o t h  the  
first response  ( l a t ency)  and  the  last response  were recorded  
on  elapsed t ime  meters .  The  measures  were used to 
calculate  overal l  response  rates  and  r unn i ng  response  rates  
(rate  of  r e spond ing  no t  coun t ing  ini t ia l  l a tency) .  

Manipu la t ions  were made  in the  in tens i ty  of  the  electr ic  
shock  (Table  1). In mos t  cases, electr ic  shock  in tens i t ies  
were changed  af te r  three  sessions of  s table  pe r fo rmance .  

R E S U L T S  

B o t h  an imals  re l iably escaped the  electr ic  shock  at 
in tens i t ies  above  2 mA.  A represen ta t ive  cumula t ive  re- 
sponse record  is s h o w n  in Fig. 1 ; r e spond ing  was typ ica l  of  
ra t io  p e r f o r m a n c e  wi th  an  ini t ial  pause fo l lowed by a h igh 
rate of  responding.  

Table  1 indica tes  the  n u m b e r  of  trials dur ing  which  each  
an imal  c o m p l e t e d  the  ER 10 escape r e q u i r e m e n t  (trials 
escaped)  as wel l  as the  n u m b e r  of  trials t ha t  were 
t e r m i n a t e d  af te r  100 electr ic  shock  pulses were del ivered 
(tr ials  no t  escaped)  as a f u n c t i o n  of  electr ic  shock  in tens i ty .  
Few trials were escaped by  Animal  3157  at 0 and 1 mA.  At  
the  h igher  in tensi t ies ,  every trial was escaped.  The  data  
were similar  for  Animal  4028  excep t  at  the  in tens i ty  of  1 
mA,  a p p r o x i m a t e l y  hal f  the  trials were escaped.  Re- 
d e t e r m i n a t i o n s  of  the  effects  of  0 and  2 m A  yielded data  
s imilar  to  the  original. 

Figure 2 shows mean  overall  response  ra te  and  m e a n  
r u n n i n g  response  ra te  for  b o t h  animals  as a f u n c t i o n  of  the  
in tens i ty  of  the  electr ic  shock.  For  b o t h  3157  and  4028 ,  
overall  response  rate general ly  increased as the  electr ic  
shock  in tens i ty  increased.  Runn ing  response  rate,  wh ich  is 
the  ra te  of  r e spond ing  f rom the  first to the  last response  of  
the  rat io,  showed  l i t t le  sys temat ic  change as a f u n c t i o n  of  
in tens i ty .  

B o t h  rates dur ing  the  second d e t e r m i n a t i o n s  at 2 m A  
were h igher  for  b o t h  animals  c o m p a r e d  to the  original  data  
and  were similar to the  rates  for  4 mA.  As s h o w n  in 
Table  1, the  l a tency  f rom the  onse t  of  electr ic  shock  pulses 
to  the  first response  of  the  rat io  decreased as in t ens i ty  
increased.  

For  Animal  3157 ,  res is tance values varied b e t w e e n  17 K 
and 34 K ~  and  for  Animal  4028  be tween  12 K and 21 K ~ .  
For  b o t h  animals ,  these f luc tua t ions  were unsys t ema t i c  and  
unre la t ed  to any changes  in responding .  As Table  1 
indica tes  a second  pair  of  e lec t rodes  was requi red  for  b o t h  
animals  dur ing  the  course  of  the  expe r imen t .  The original  
pair for  Animal  3157  was p re sumed  n o n - f u n c t i o n a l  w h e n  
its res is tance value exceeded  50 Ks~ and escape re spond ing  
decreased.  For  Animal  4028 ,  an in fec t ion  developed at the  
site o f  the  incis ion and the  e lec t rodes  were re jected.  This  
i n f ec t i on  also resul ted  in the  loss of  the  ca theter .  In o t h e r  
expe r imen t s ,  an imals  have had  e lec t rodes  i m p l a n t e d  for  
over  9 m o n t h s  [5 ] .  Elec t rodes  have b e c o m e  non-  
func t iona l ,  as ev idenced  by sudden  increases in resistance,  
as a resul t  of  in fec t ion ,  d i scon t inu i ty  due to breaks  at the  
solder  jo in t  or in the  wire i tself  and  d i sp lacement  of  the  
e lec t rodes  f rom the  muscle.  There  was no  evidence  at any  
t ime  t ha t  the  ac tual  delivery of  electr ic  shock  resul ted in 
t issue damage.  The du ra t ion  of  a func t iona l  pair  of  
e lec t rodes  is of  the  same magn i tude  as tha t  of  the  
in t r avenous  ca theter .  

D I S C U S S I O N  

A negat ive re in forcer  is a s t imulus  t ha t  will ma in t a in  
r e spond ing  which  resul ts  in its t e r m i n a t i o n  (escape) or  
p o s t p o n e m e n t  (avoidance)  [8 ] .  In the  present  s tudy ,  
r e spond ing  which  t e r m i n a t e d  electr ic  shock  delivered via 
e lec t rodes  i m p l a n t e d  in the  l u m b a r  muscles  of  rhesus 
m o n k e y s  was ma in t a ined  unde r  a f ixed-rat io 10 schedule  
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T A B L E  1 

SUMMARY OF EXPERIMENTAL CONDITIONS IN ORDER OF PRESENTATION FOR ANIMALS 3157 AND 4028 

Number  o f  Number  o f  Trials Number  of  Trials 
Order Int (mA) Sessions Latency (sec) E s c a p e d  Not Escaped 

Range X Range X R a n g e  

Animal  3157 

1 2 4 2.0 1 . 7 -  2.2 19 - 0 - 

2 0 7 8.2 4 . 2 - 1 0 . 5  3.7 2 - 5  11.3 1 0 - 1 3  

3 1 7 35.1 12 .1 -58 .1  1.3 0 - 3  13 1 2 - 1 4  

4 4. 8 1.2 1 . 1 -  1.3 19 - 0 - 

5 2* 6 1.1 1 - 1.2 19 - 0 - 

6 0 3 18.5 1 6 . 9 - 2 1 . 3  3 2 - 4  12 1 1 - 1 3  

Animal  4028 

1 2 3 1 .3  1 - 1.5 18 1 7 - 1 9  0 0 - 1  

2 0 6 - - 0 - 14.3 - 

3 1" 12 8.5 6 . 7 - 1 0 . 4  9 7--12 7.3 5 - 9  

4 4 8 1.2 0 . 8 -  1.3 19 - 0 - 

5 2 6 1.9 1 . 6 -  2.3 19 - 0 - 

6 0 14 22.2 2 0 . 9 - 2 3 . 5  1.7 0 - 3  13 1 2 - 1 4  

*New electrodes implanted prior to condit ion.  

( F R  10 e s c a p e )  at  i n t e n s i t i e s  a b o v e  1 m A .  N u m b e r  o f  
e s c a p e s  a n d  ove ra l l  r e s p o n s e  r a t e  i n c r e a s e d  a n d  l a t e n c y  
d e c r e a s e d  as a f u n c t i o n  o f  e l ec t r i c  s h o c k  i n t e n s i t y .  R u n n i n g  
r e s p o n s e  r a t e ,  h o w e v e r ,  was  g e n e r a l l y  u n a f f e c t e d  b y  
c h a n g e s  in i n t e n s i t y .  A t  all e l ec t r i c  s h o c k  i n t e n s i t i e s ,  
r a t io - l ike  p e r f o r m a n c e  was  o b s e r v e d  [ 3 ] .  T h e s e  r e s u l t s ,  
s h o w i n g  t h a t  e l ec t r i c  s h o c k  d e l i v e r e d  via i m p l a n t e d  e lec-  

t r o d e s  c a n  f u n c t i o n  as a n e g a t i v e  r e i n f o r c e r  are  g e n e r a l l y  
s im i l a r  to  t h e  r e s u l t s  o f  o t h e r  s t u d i e s  i n v o l v i n g  d i f f e r e n t  

de l i ve ry  s y s t e m s  a n d  a n i m a l  s p e c i e s  [1,  2, 6, 9 ] .  In  
a d d i t i o n ,  D i n s m o o r  a n d  W i n o g r a d  [2]  f o u n d  t h a t  r a t e  o f  
r e s p o n d i n g  was  u n a f f e c t e d  w h e n  e l ec t r i c  s h o c k  was  
p r e s e n t e d  in  a d e s c e n d i n g  ser ies .  In  t h e  p r e s e n t  s t u d y ,  
a l t h o u g h  ra t e  o f  e s c a p e  r e s p o n d i n g  i n c r e a s e d  as i n t e n s i t y  

3167 FR 10 Escape 
2 mA 
3 min TO 

• i t  

& 

A 

& IL 

FIG. 1. Cumulat ive response record for Animal 3157 responding on an FR 10 schedule to escape the delivery of  2 mA o f  
electric shock pulses. Ordinate: Cumulat ives responses; Abscissa: Time. The event pen is deflected during the delivery o f  
electric shock pulses. A deflection of  the response pen indicates the complet ion o f  the FR 10 response requirement  and the 

onset  o f  the  t imeouI  period. 
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FIG. 2. Mean running response rates (e e) and overall response rates (o o) for Animals 3157 and 4028 as a function 
of the intensity of the shock. The means were calculated from the last three sessions at each intensity except for the 
conditions indicated by the asterisk (*). These data were calculated from only 2 sessions since no responding occurred on one 
of the last three sessions. The brackets indicate the range. Data from the redeterminations at 0 and 2 mA are shown to the left 
of the original. Original data are not shown for Animal 4028 at 0 mA since no responding occurred during any of the last three 

sessions. 

increased f rom 1 to 4 mA,  it did no t  decrease again when  
the  in tens i ty  was decreased f rom 4 to  2 m A .  On the  o the r  
hand,  Winograd [9] found  tha t  running response  rate as 
well as overall response  rate increased as in tens i ty  increased 
which was only  partially t rue in the  present  s tudy.  

The major  purpose  of  the  present  s tudy  was to develop 
an electric shock delivery sys tem which  could be used in 
s i tuat ions  where rhesus m o n k e y s  are res t ra ined by a harness 
and arm ar rangement  o f t en  used in expe r imen t s  where 

responding  is mainta ined by delivery of  in t ravenous  drugs. 
The results indicate  that  the sys tem does deliver an event  
which func t ions  as a negative re inforcer  capable of  
modi fy ing  responding.  In addi t ion,  the  system is easy to 
install, results in little or no tissue damage, is capable o f  
being used with the exper imenta l  s i tuat ion descr ibed and 
has funct ional  character is t ics  which are stable over per iods  
of  t ime similar to  in t ravenous catheters .  
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